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Respiratory rehabilitation, including lower limb exercise training, is recommended as part of the management for patients with chronic obstructive pulmonary disease (COPD), because it has been consistently shown that this relieves dyspnea and improves health-related quality of life (HRQL) (1) . It is of note, however, that the physiologic mechanisms underlying the beneficial consequences of training are poorly understood (1) (2) (3) (4) (5) . In 1991, Casaburi and colleagues (6) demonstrated that a relatively high-intensity training program was required to improve exercise endurance in patients with moderate COPD. More recently, Maltais and coworkers (7, 8) reported that patients with COPD concurrently showed early rise of blood lactate levels during exercise, together with low concentration of skeletal muscle oxidative enzymes, as compared with normal subjects. The two findings were at least partially corrected after a controlled endurance training program (8) . These two groups of investigators (6, 8) hypothesized that reduction of blood lactate levels after training decreased ventilatory requirements during exercise, which in turn would relieve dyspnea and improve exercise tolerance. More recently, Casaburi and colleagues (9) reported that rigorous physical training in patients with severe COPD, in whom blood lactate levels did not increase during exercise, yielded a more efficient breathing pattern and reduced minute ventilation at a given submaximal work rate, hence improving exercise tolerance. An alternative hypothesis is that improvement of HRQL after endurance training is directly and mainly related to enhancement of skeletal muscle bioenergetics during submaximal exercise, rather than to changes in ventilation ( E ). This notion may help to resolve the apparent discrepancies between the consistently beneficial effects of physical training on HRQL (1) (2) (3) (4) and the variability among studies regarding the impact of rehabilitation on peak O 2 uptake ( O 2 peak) (1) . The present study examined the relationships among oxygen consumption ( O 2 ), muscle O 2 transport, and cellular bioenergetics after an 8-wk endurance training program in 13 patients
with COPD and in eight healthy sedentary subjects used as control subjects.
METHODS

Study Group
Thirteen clinically stable male, steroid-free patients with COPD (mean age, 64 Ϯ 4 [mean Ϯ SD] yr; height, 167 Ϯ 7 cm; and weight, 73 Ϯ 8 kg) without recent history (6 mo) of an acute episode of exacerbation, and eight healthy sedentary men (age, 61 Ϯ 4 yr; height, 170 Ϯ 9 cm; and weight, 73 Ϯ 7 kg) were enrolled in the study. The patients with COPD were selected a priori because of their moderateto-severe ventilatory impairment, but preserved single-breath carbon monoxide transfer capacity (D L CO ). All of them showed only moderate hypoxemia at rest without exercise-induced oxyhemoglobin desaturation. Age, anthropometric variables, lung function measurements, therapy, and smoking habits of the two groups are listed for each individual in Tables 1 and 2 . The control group of sedentary subjects was carefully selected on the basis of no previous history of regular or even occasional physical exercise above that required for average daily activities. In each subject, the same measurements described below were carried out before and after the training period. All were informed of any risks and discomfort associated with the experiment, and written informed consent was obtained in accordance with the Committee on Investigations Involving Human Subjects at the Hospital Clínic, Universitat de Barcelona, which approved the study.
P-Magnetic Resonance Spectroscopy
In eight of the 13 patients with COPD and in all eight healthy sedentary subjects, 31 P-magnetic resonance spectroscopy ( 31 P-MRS) measurements in the quadriceps of the left thigh were carried out less than 1 wk before the study with catheters as described below. Exercise tests during MRS measurements were performed using an ergometer made of nonmagnetic materials conceived to fit into a standard whole-body magnet. The system allowed flexion and extension of both legs by alternatively pressing two foot pedals connected to a hydraulic-controlled resistance system while the subject lay supine on the ergometer table (10) . A piezoelectric force transducer (9251A model; Kistler Instruments AG, Winterthur, Switzerland) placed inside one of the pedals was used to provide an "on-line" measure of both strength and rate of pedaling during the exercise test.
Each subject began with an incremental protocol that consisted of a maximum of five periods of 2-min of exercise each, pedaling at 60 rpm. The two first periods were set at 3 W и kg Ϫ 1 muscle mass, with subsequent increases at 7, 9, and 11 W и kg Ϫ 1 muscle mass. After a full 1-h recovery at rest, the subject performed a constant work rate exercise for 2 min. This second protocol was designed to allow evaluation of [PCr] recovery from data collected for 8 min after exercise. The constant work rate used in each subject was chosen to produce a rise in [Pi]/[PCr] ratio of approximately 1 Ϯ 0.5 while keeping pHi higher than 6.90 units, as measured in the first spectrum of the recovery period. The purpose was to prevent a deleterious effect of low intracellular pH on the rate of oxidative phosphorylation (11-13).
31
P-MRS measurement details . Studies were carried out using a 1.5-T Signa System (Signa Advantage; General Electric Medical Systems, Milwaukee, WI) operating at a frequency of 63.65 MHz and 25.86 MHz for the hydrogen-1 and the phosphorus-31 nucleus, respectively, connected to a SPARCStation 20 Workstation (Sun Microsystems, Mountain View, CA). Subjects were placed in the magnet in a supine position, head first, and the elliptical distributed capacitance surface coil (14.5 cm ϫ 6.5 cm), pretuned at the phosphorous resonant frequency, was positioned and fixed over the vastus medialis muscle of the left leg. Then the position of the surface coil was checked with spin-echo Definition of abbreviations : B ϭ budesonide, 200 g/puff; BMI ϭ body mass index; COPD ϭ chronic obstructive pulmonary disease; Hb ϭ hemoglobin concentration; IB ϭ ipratropium bromide, 18 g/puff; ( ) ϭ bronchodilators used only occasionally are indicated within parentheses; S ϭ salmeterol, 25 g/puff; SB ϭ salbutamol, 100 g/puff.
Only two of eight control subjects were smokers.
Results expressed as individual data and mean Ϯ standard deviation (SD).
T1-weighted images (10) . Phosphorous-31 spectra were obtained using 180 Њ pulses as measured at the center of the coil. A total of 1,024 data points were accumulated for the measurements at rest, 12 scans for each work rate of the incremental exercise, and blocks of eight scans were continuously recorded during the 8-min recovery period form the constant work rate exercise. Free induction decays were analyzed in the time domain with the magnetic resonance user interface software (14) . All resonances were fitted to single lorentzian functions with the nonlinear least-squares variable projection method (15, 16) 
Whole-body and One-leg O 2 Uptake Measurements
Subject preparation, safety precautions, and technical aspects of the central measurements (arterial and femoral venous blood gases and femoral venous blood flow) have been described in detail elsewhere (18) (19) (20) (21) . Briefly, one catheter was placed in the radial artery of the nondominant arm to measure P O 2 , P CO 2 , pH, Sa O 2 , lactate, and hemoglobin in arterial blood. In the femoral vein of the left leg, a 7-F catheter was advanced 7 cm into the vessel with the tip oriented distally and a 2.5-F thermistor was advanced 5 cm proximally into the same vessel. Each subject performed an incremental cycle exercise test (10-watt [W] increments every 2 min in patients with COPD and 20-W increments every 2 min in healthy sedentary control subjects, without an initial period cycling at zero watts) breathing room air (F I O 2 ϭ 0.21) until exhaustion. The exercise protocol was done using an electromagnetically-braked cyclo ergometer (CardiO 2 cycle; Medical Graphics Corporation, St. Paul, MN) with a mechanical assist to overcome the internal frictional resistances.
On-line calculations of whole-body O 2 , CO 2 output ( CO 2 ), minute ventilation ( E ), respiratory exchange ratio (RER), heart rate (HR), and respiratory rate (RR) were averaged sequentially over 15-s intervals and displayed on a screen monitor to observe the progress of the tests. In each subject, simultaneous arterial and femoral venous blood samples were collected at rest and during the second minute of each incremental work rate. Femoral venous blood flow measurements were made by short-term steady-state thermodilution using iced saline (18, 19) immediately after femoral venous blood sampling. In each instance, the following measurements were made: ( 1 ) P O 2 , P CO 2 , pH (IL model 1302, pH/blood gas analyzer and tonometer model 237; Instrumentation Laboratories, Milan, Italy), oxyhemoglobin saturation, hemoglobin concentration (Hb) (IL 482 co-oximeter), and whole-blood lactate concentrations (YSI 23L blood lactate analyzer; Yellow Springs Instruments, Yellow Springs, OH) from simultaneous arterial and femoral venous blood samples; and ( 2 ) femoral venous blood flow ( leg ) and arterial pressure. As indicated above, E , fraction of expired oxygen (F E O 2 ), fraction of expired carbon dioxide (F E CO 2 ), and HR were continuously monitored. Technical aspects of these measurements have been previously provided in detail (18) (19) (20) (21) . In the pre-training studies of five of the 13 patients with COPD, femoral venous flow was measured only at approximately 30, 60, 80, and 100% of peak work rate (as assessed in a preliminary incremental exercise protocol done in all subjects before inclusion in the study). Measurements of leg blood flow at each work rate were done in all the remaining pre-and post-training studies of the two groups of subjects (patients with COPD and control subjects).
In the present study, blood O 2 content was calculated as follows: Definition of abbreviations: COPD ϭ chronic obstructive pulmonary disease; DL CO ϭ single-breath diffusing capacity for carbon monoxide expressed as percent predicted; RV/TLC ϭ residual volume to TLC ratio expressed as actual percentage; TLC ϭ total lung capacity, expressed as percent predicted; O 2 peak ϭ whole-body O 2 uptake at peak exercise, in L и min
Ϫ1
; W ϭ peak work rate, in watts. Results expressed as individual data and mean Ϯ standard deviation (SD). 
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Training Program
The two groups of subjects (patients with COPD and control subjects) exercised on a cycle ergometer (Monark model 810; Monark, Sweden) 5 d per week for 8 wk. The training sessions were directly supervised by one of the members of the team (J.N.). The compliance of the subjects was excellent, with no withdrawals during the training period. During the cycling sessions, HR was continuously monitored (SportTester PE 3000 System; Polar Electro, Kemple, Finland). The training sessions, approximately 60-min duration, consisted of (1) 5 min of cycling at the low work rate, 40% of the peak work rate (40% W peak ) Q .
achieved in the previous control; (2) 20 min cycling at the high work rate, 70-90% W peak ; (3) 5 min cycling at 40% W peak ; (4) 20 min cycling at 70-90% W peak ; and (5) 5 min at 40% W peak . The rate of pedaling during the sessions was kept at 60 rpm. The progress of work rate during the training period was decided on an individual basis to maximize the training effect. During the first 3 wk of the program, cycling at the high work rate was set at least 70% W peak . Thereafter, it was increased at least by 5% every week up to a maximum of 90% of the actual W peak during the last 2 wk of the training program.
Data Analysis
Results are expressed as mean Ϯ SD. Comparisons of pre-and posttraining incremental exercise within each group (13 patients versus eight control subjects) were done, unless otherwise stated, using Student's paired t test to examine the slopes ( 
RESULTS
Lung Function and Exercise Tolerance before Training
The characteristics of the patients with COPD and the healthy sedentary control subjects are depicted in Tables 1 and 2 и 100 ml Ϫ1 blood, patients with COPD and control subjects, respectively) and at peak exercise (19.7 Ϯ 1 versus 19.6 Ϯ 1.2 ml O 2 и 100 ml Ϫ1 blood). As expected, the patients with COPD showed exercise intolerance as assessed by both lower peak work rate (85 Ϯ 26 versus 131 Ϯ 41 W) (p ϭ 0.005) and peak whole-body O 2 uptake (1.4 Ϯ 0.3 versus 1.9 Ϯ 0.6 L и min Ϫ1 ) (p ϭ 0.008) than control subjects. Peak O 2 uptake expressed as percent of predicted values was 69 Ϯ 16% and 85 Ϯ 16% (p ϭ 0.04), respectively. The patients with COPD in the present study showed, at a given submaximal work rate (40 W), significantly higher whole-body O 2 (p Ͻ 0.009) and O 2leg (p Ͻ 0.02) than the healthy sedentary control subjects with similar slopes of O 2 uptake versus work rate relationships in the two groups for both whole-body O 2 uptake (12 Ϯ 3 versus 12 Ϯ 1 ml и min Ϫ1 и W Ϫ1 , respectively), as shown in Figure 1 . The ventilatory and heart rate responses to exercise in patients with COPD were similar to those reported in the literature (30) . Peak ventilation was lower in patients with COPD than in control subjects (45.6 Ϯ 7.1 versus 70 ) and at approximately 30%, 60%, 80%, and 100% peak work rate. Training effects on exercise response in the control subjects were those expected from the literature (26) (27) (28) (29) . Peak whole-body O 2 and peak work rate significantly increased after training in the two groups of subjects. Post-training peak O 2leg significantly increased in healthy sedentary subjects, but not in patients with COPD. In the patients, at given submaximal work rate, both pre-and post-training O 2leg (and also whole-body O 2 ) were significantly higher than in the control subjects (see text for further explanations).
). At a given submaximal work rate (40 W), E was higher in patients with COPD than in control subjects (28.8 Ϯ 7.4 versus 21.5 Ϯ 4.4 L и min Ϫ1 ) (p ϭ 0.02). The response of VT to exercise was also different between groups; while in the control group mean VT rose progressively throughout exercise, the patients with COPD showed a well-defined plateau in VT above approximately 60 W. Mean peak heart rates were not different between groups (133 Ϯ 20 versus 145 Ϯ 15 min
Ϫ1
, patients with COPD and control subjects, respectively), but HR at a given submaximal work rate (40 W) was significantly higher in patients with COPD than in control subjects (107 Ϯ 17 versus 93 Ϯ 10 min Ϫ1 ) (p ϭ 0.05). The RER at peak exercise was also significantly lower in patients with COPD than in control subjects (1.02 Ϯ 0.08 versus 1.16 Ϯ 0.09) (p ϭ 0.002). , patients with COPD and control subjects) (p ϭ 0.05 and p ϭ 0.005, respectively). Likewise, peak work rate significantly increased with training in both groups (by 15 Ϯ 12 W and by 33 Ϯ 10 W, patients with COPD and control subjects, respectively) (p Ͻ 0.01 each). RER at peak exercise did not change after training in patients with COPD (from 1.02 Ϯ 0.08 to 1.00 Ϯ 0.1), but it increased in the control group (from 1.16 Ϯ 0.09 to 1.21 Ϯ 0.09) (p ϭ 0.04). As depicted in Figure 1 , the slope of post-training O 2 (both whole-body O 2 and O 2leg ) versus work rate was not different between patients with COPD and control subjects, and in the two groups it essentially overlaid the pre-training data.
For both subject groups, the plots of both post-training oneleg blood flow ( leg ) and post-training one-leg O 2 delivery ( O 2leg ) versus work rate (or O 2 uptake) essentially overlaid the pre-training data, as shown for O 2leg in Figure 2 (upper panel). The normal subjects showed a significant increase in these two variables at peak exercise: peak leg increased by 1.15 Ϯ 1.19 L и min Ϫ1 (p ϭ 0.03) and peak O 2leg rose by 0.19 Ϯ 0.23 L и min Ϫ1 (p ϭ 0.05). However, no changes were observed in the patients with COPD after training (Table 3 ). Both leg blood flow and leg O 2 delivery at a given submaximal work rate were not significantly different between patients with COPD and control subjects in either of the studies (pre-and post-training). The arterial minus femoral venous blood O 2 content gradient at peak exercise did not show significant changes with training in patients with COPD (from 13.7 Ϯ 1.7 to 14.2 Ϯ 1.2 ml O 2 и 100 ml Ϫ1 blood) nor in the control group (from 13.2 Ϯ 1.4 to 13.8 Ϯ 1.5 ml O 2 и 100 ml Ϫ1 blood). Peak oxygen extraction ratio (O 2 ER, %) increased in both the patients with COPD (from 69.6 Ϯ 8.3 to 74 Ϯ 5.4%) (p ϭ 0.02) and the control group (from 67.4 Ϯ 6.0 to 73.7 Ϯ 6.0%) (p ϭ 0.05), but did not differ between groups. O 2 ER during submaximal exercise was significantly higher in patients with COPD than in control subjects (p ϭ 0.03) both in the pre-and post-training (Figure 2, bottom) . Figure 3 (upper panel) shows that while the normal subjects moderately decreased E at a given submaximal work rate (40 W) from 22 Ϯ 4.4 to 18 Ϯ 3.5 L и min Ϫ1 (p ϭ 0.02) and substantially increased peak E from 71 Ϯ 22.2 to 89 Ϯ 27.2 L и min Ϫ1 (p ϭ 0.004), no significant effects of training on
submaximal E nor in peak E were observed in patients with COPD (Table 3) . It is of note, however, that submaximal E after training showed a trend to fall, by Ϫ1.9 L и min Ϫ1 (p ϭ 0.07, one tail). Control subjects significantly increased posttraining peak HR (from 145 Ϯ 15 to 158 Ϯ 13 cycles и min ). The COPD group did, however, show a significant reduction of HR at a given submaximal work rate (40 W), by 10 Ϯ 12 min Ϫ1 (p ϭ 0.01). Despite the substantial differences in FEV 1 between patients with COPD and control subjects, physical training decreased femoral venous lactate concentrations ([La]fv) at any work rate in a similar magnitude in the two groups, as indicated in Figure 3 (lower panel) (p Ͻ 0.05, each) . After training, however, while differences in base excess between patients with COPD and control subjects disappeared, [La]fv levels were still higher in patients with COPD than in control subjects (at 40 W, 1.9 Ϯ 0.36 versus 1.2 Ϯ 0.28 mM и L ) and at approximately 30%, 60%, 80%, and 100% peak work rate. In healthy sedentary subjects, one-leg O 2 delivery at peak exercise was significantly higher than pre-training data, but not in patients with COPD. The two groups of subjects showed a significant rise in peak O 2 extraction ratio after training. O 2 extraction ratio showed higher values at moderate submaximal exercise in patients with COPD than in control subjects, both in the pre-and post-training studies (see text for further explanations).
After training, half-time of [PCr] recovery substantially fell to normal levels in patients with COPD (34 Ϯ 7 s) (p ϭ 0.02), but this variable did not show significant changes in the healthy sedentary subjects (29 Ϯ 8 s) . The analysis of changes in halftime recovery was done in only six control subjects, since two of them (subjects no. 1 and 2) had to be excluded because pHi fell below 6.9 either in the pre-or post-training study. Endurance training improved the skeletal muscle bioenergetic status to normal levels in patients with COPD during incremental exercise (Figure 4 
DISCUSSION
Nature of the Training Response
The present study shows that patients with COPD and healthy sedentary control subjects presented clear physiologic training effects both at peak work rate and during submaximal exercise. After training, peak whole-body O 2 and peak work rate significantly increased in the COPD group (by 10% and 15%, respectively) (p Ͻ 0.01 each) and in the control group (by 13% and 20%) (p ϭ 0.05 and p Ͻ 0.01). Likewise, post-training [La]fv during submaximal exercise (at 40 W) fell by Ϫ32% (p ϭ 0.03) in the patients with COPD and by Ϫ26% (p ϭ 0.05) in the healthy sedentary control group. The two groups, however, showed quite different physiologic adaptations to endurance training (Table 3) . Whereas the healthy subjects markedly increased the central factors governing convective O 2 V · transport at peak exercise: (1) femoral venous blood flow and heart rate; (2) ventilation; and (3) O 2 delivery, no changes in any of these variables at peak exercise were observed in the patients with COPD (Figures 2 and 3, upper panels) . In fact, similarities of pre-and post-training ventilatory responses to exercise (as well as the observed plateau in tidal volume above 60% peak work rate) in the patients with COPD support the notion that ventilatory capacity was one of the factors (albeit not the only one) limiting peak exercise in these patients. The lack of a significant reduction of post-training E during submaximal exercise (by Ϫ1.9 L и min Ϫ1 ) should be attributed to a type II error. It is of note that post-training heart rate during submaximal exercise (at 40 W) fell by 8% (p ϭ 0.01) in the COPD group.
The most consistent effects of the training program in patients with COPD were: (1) a significant increase in peak O 2 extraction ratio (also seen in the control group); (2) reduced half-time of [PCr] recovery; and (3) improved cellular bioenergetics during submaximal exercise ([Pi]/[PCr] ratio and pHi) (Figure 4) . Overall, the post-training findings in patients with COPD indicate that the physiologic changes provoked by endurance training essentially took place at the level of the skeletal muscle during submaximal exercise. The increase in peak whole-body O 2 after training in the patients can be interpreted as the end-result of the skeletal muscle changes alluded to above.
The O 2 extraction ratio ( O 2 / O 2 ), at any given work rate, can be analyzed as the ratio of peripheral to central components of O 2 transport (18, 31) . While the denominator ( O 2 ) includes only central components of O 2 transport (leg blood flow and arterial O 2 concentration), the numerator ( O 2 ) can be expressed as a reflection of peripheral O 2 transfer. According to the laws of diffusion, O 2 is the product of muscle capillary O 2 conductance and the PO 2 difference between muscle capillaries and mitochondria. In the present study, since peak O 2 did not change (patients with COPD) or even increased 
(healthy sedentary control subjects) (Figure 2, bottom panel) , the rise in peak %O 2 ER after training should be interpreted as an improvement of the muscle O 2 transfer. There are three potential mechanisms to explain such an increase in peak %O 2 ER with training: (1) higher capillary-to-muscle fiber ratio due to training-induced angiogenesis, which would effectively enlarge the area for O 2 transfer in the muscle microcirculation; (2) improved mitochondrial oxidative capacity, which might potentially increase the O 2 transfer gradient between capillary and mitochondria; and (3) the combined effects of these two phenomena. Unfortunately, the analysis of structural changes provoked by training was beyond the scope of the present study. In the patients with COPD, however, since the half-time of [PCr] recovery fell to normal levels after training, it can be hypothesized that physical training significantly improved mitochondrial oxidative capacity, as suggested by previous studies (8) . The half-time of [PCr] recovery is an overall marker of the dynamics of muscle bioenergetics. It is well accepted, however, that when this variable is measured after a low-intensity constant work rate exercise preventing a marked fall in pHi would otherwise negatively interfere oxidative phosphorylation, the half-time of [PCr] recovery reflects skeletal muscle mitochondrial oxidative capacity (11) (12) (13) 32 (Figure 2, upper panel) . The results of the present study suggest that physical deconditioning plays a key role in the impairment of skeletal muscle bioenergetics in patients with COPD. The prominence of the training effects on cellular bioenergetics in the COPD group may not be representative of the average training response usually seen in the clinical setting. Both the intensity of the controlled training program and the inclusion criteria of the patients can be important factors in explaining our results.
It is well accepted that healthy sedentary subjects show clear training effects on both cellular metabolism and muscle O 2 transport (33). The lack of improvement in the cellular · Q Results are expressed as mean (Ϯ SEM) data obtained at rest (zero watts), and at approximately 30%, 60%, 80%, and 100% peak work rate. Ventilation at peak exercise increased after training in healthy sedentary subjects, but not in patients with COPD. The control subjects, but not the patients with COPD, also reduced post-training ventilation at a given submaximal exercise. The two groups, however, showed a similar fall in post-training (La)fv at a given submaximal exercise (see text for further explanations). bioenergetic status ([Pi]/[PCr] ratio and pHi) during submaximal incremental exercise in our control group can be largely attributed to the design of the 31 P-MRS study. The use of an identical incremental protocol for the two groups of subjects had some advantages, but only allowed exploration of very low work rates relative to the expected peak exercise for the control group. Post-training improvement of cellular bioenergetics in the healthy sedentary subjects likely would have been shown by exploring further steps in the incremental protocol within the magnet. This was not, however, a central aim of the present study. Moreover, the absence of a significant fall in half-time of [PCr] recovery after training (from 35 to 28 s) in normal subjects can be most likely attributed to a type II error since only six subjects could be included in the final analysis.
O 2 Uptake at Early Submaximal Exercise
It is well accepted that patients with COPD show relationships between O 2 uptake and work rate within the normal range such that O 2 uptake for a given submaximal work rate in these patients is similar to that seen in healthy sedentary subjects (30) . It is of note, however, that in the present study the patients with COPD showed, at a given submaximal work rate, significantly higher whole-body O 2 (p Ͻ 0.009) and O 2leg (p Ͻ 0.02) than the healthy sedentary control subjects ( Figure  1 ) with no differences in the slopes of O 2 uptake (whole body and leg) versus work rate between groups. We can reasonably assume the reliability of our results because whole-body O 2 and O 2leg are independent measurements, and similar differences between the two groups were obtained in the pre-and post-training studies. Since the problem appears in the transitional zone from rest to slight exercise without measurements obtained during unloaded (zero watts) cycling, it is difficult to provide a clean explanation for such a difference in O 2 uptake at early submaximal exercise. The design of the incremental exercise protocol without the recommended 3-min unloaded exercise (34, 35) could be considered a weakness of the study, but to our understanding it does not constrain the interpretation of the beneficial effects of physical training in patients with COPD, which, in fact, is the main outcome of the present investigation.
In summary, the present study suggests that the sedentary lifestyle of these patients with COPD due to psychological and/or physiologic factors provokes functional changes in the skeletal muscle that can be partly or completely reversed by physical rehabilitation, as shown by the improvement of cellular bioenergetics in skeletal muscles to normal levels. The results of the investigation stress the importance of physical deconditioning in the skeletal muscle dysfunction observed in patients with COPD. It can be hypothesized that such an enhancement of the cellular bioenergetic status after physical rehabilitation may contribute to the underlying physiologic basis of the improved HRQL observed in most of the studies (1). Physiologic adaptations to physical training essentially take place at muscle level, and they do not necessarily have an appreciable impact on the ventilatory response to incremental exercise. Our results support the notion that improvement of the bioenergetic status of the skeletal muscle during submaximal exercise should constitute one of the crucial components of the expected goals of physical training. The findings of the present study may be of help in better identifying outcome variables for physical rehabilitation programs.
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